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(54) Hall-effect magnetoelectric converter 

(57) A magnetoelectric converter utilizing the Hall- 
effect for detecting a magnetic field or electric current 
comprising a metal-made baseplate (1), semiconductor 
means (3) formed on the baseplate, the semiconductor 
means including a Hall-effect device (14) for generating 
a voltage proportional to the strength of an applied mag- 
netic field, and an encapsulation (4) of electrically insu- 



FIG.2 



• Ohtsuka, Koji 
Kawagoe-shi, Saitama-ken (JP) 

• Kato.Takasi 
Asaka-shi, Saitama-ken (JP) 

• Kumakura, Hiromichf 

Ooimachi, Iruma-gun, Saitama-ken (JP) 

(74) Representative: 

Strych, Werner Maximilian Josef, Dr. et al 
Hansmann & Vogeser, Patent- und 
Rechtsanwalte, Albert-Rosshaupter-Strasse 65 
81369 MUnchen (DE) 



lating material enveloping the baseplate and the mag- 
netic layer and the semiconductor means. 

For higher sensitivity to the magnetic field, and 
greater immunity from external noise, the semiconduc- 
tor means (3) is formed on the baseplate (1) via a mag- 
netic layer (2) which is higher in magnetic permeability 
than the baseplate. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] This invention relates to a magnetoelectric 
converter, sometimes referred to as a Hall generator, uti- 
lizing the familiar Hall effect for providing an output volt- 
age proportional to the strength of the magnetic field ap- 
plied. 

[0002] The Hall generator has been known and used 
extensively which gives a voltage, known as Hall volt- 
age, in proportion to magnetic field strength. The Hall 
generator therefore lends itself to use as a magnetism 
detector. Additionally, positioned contiguous to a path of 
electric current, the Hall generator will be acted upon by 
the magnetic field appearing in proportion to the magni- 
tude of the electric current flowing through the path 
thereby putting out a voltage proportional to the field 
strength and hence to the current magnitude. 
[0003] As heretofore constructed, however, such 
Hall-effect devices have still left much to be desired. 
There have been consistent demands for devices of im- 
proved sensitivity to magnetic fields, and of improved 
noise immunity, in addition, of course, to those devices 
that meet all these requirements but that are neverthe- 
less inexpensive. 

SUMMARY OF THE INVENTION 

[0004] The present invention aims at improving the i 
noted important attributes of Hall-effect magnetoelectric 
converters. 

[0005] Briefly, the invention may be summarized as a 
magnetoelectric converter utilizing the Hall-effect for de- 
tecting a magnetic field or electric current. Included is a 3. 
magnetic layer formed on a metal-made baseplate the 
magnetic layer being higher in magnetic permeability 
than the baseplate. Semiconductor means including a 
Hall-effect device for generating a voltage proportional 
to the strength of an applied magnetic field, are formed 4c 
on the baseplate, either directly or via the magnetic lay- 
er. An encapsulation of electrically insulating material 
envelops the baseplate and the magnetic layer and the 
semiconductor means. 

[0006] In one embodiment of the invention the mag- 45 
netic layer is formed on one of the pair of opposite major 
surfaces of the baseplate, and the semiconductor 
means are formed on the baseplate via the magnetic 
layer. Alternatively, however, the semiconductor means 
may be formed directly on the other surface of the base- so 
plate. As an additional alternative, a pair of magnetic 
layers may be formed on both major surfaces of the 
baseplate. 

[0007] For the best results the baseplate may be fab- 
ricated from copper, with or without nickel plating, and ss 
the magnetic layer from Permalloy. 
[0008] The provision of the magnetic layer or layers 
on the metal-made baseplate according to the invention 
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has proved to reduce the magnetic resistance of the flux 
path. The Hall-effect device is thus rendered more sen- 
sitive to the magnetic field, developing a voltage in exact 
proportion to the field strength. 
s [0009] The metal-made baseplate with the magnetic 
layer or layers thereon has also proved to serve the ad- 
ditional purpose of effectively shielding the Hall-effect 
device from external magnetic or electromagnetic noise 
The baseplate will absorb high-frequency noise as eddy 
'o current flows therein, whereas the magnetic layer or lay- 
ers will provide a bypass or bypasses for lower-frequen- 
cy noise. Hence the improved noise immunity of the de- 
vice. 

[0010] The above and other objects, features and ad- 
's vantages of this invention will become more apparent 
and the invention itself will best be understood from a 
study of the following detailed description and appended 
claims, with reference had to the attached drawings 
showing the preferred embodiments of the invention . 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0011] 

5 FIG. 1 is a plan view of a preferred form of magne- 
toelectric converter according to the present inven- 
tion, the converter being shown together with the 
phantom outline of a conductor for carrying a cur- 
rent to be detected; 

7 FIG. 2 is an enlarged section taken alonq the line 
H-llinFIG. 1; 

FIG. 3 is an enlarged plan view of the semiconduc- 
tor means included in the FIG. 1 magnetoelectric 
converter; 

FIG. 4 is a fragmentary plan view similar to FIG. 3 
but showing only the Hall-effect device included in 
the semiconductor means of the FIG. 1 magnetoe- 
lectric converter; 

FIG. 5 is an enlarged, fragmentary section taken 
along the line V-V in FIG. 3 and showing the semi- 
conductor means together with the metal-made 
baseplate and the magnetic layer thereon; and 
FIG. 6 is a sectional view somewhat similar to FIG. 
2 and showing a metal-made baseplate together 
with two magnetic layers formed on its opposite sur- 
faces by way of an alternative embodiment of this 
invention. 



DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0012] The general configuration of the exemplified 
magnetoelectric converter according to the invention 
will be best understood from a consideration of FIGS. 1 
and 2. Broadly, the converter comprises a metal-made 
baseplate 1 , a magnetic layer 2 formed on one of the 
opposite major surfaces of the baseplate, semiconduc- 
tor means 3 formed on the baseplate via the magnetic 
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layer and including various working components of this 
converter, an encapsulation 4 of plastic or like insulating 
material thoroughly enclosing the semiconductor 
means together with the baseplate and the magnetic 
layer, a set of leads 5 to 8 extending through the encap- 
sulation 4 for electrical connection of the converter to 
external circuitry, and lengths of wire 9 to 12 for electri- 
cally connecting the terminals of the semiconductor 
means 3 to the leads 5-8. 

[0013] As will be noted also from FIGS. 1 and 2, the 
semiconductor means 3 as a whole are generally in the 
shape of a rather flat box and, as seen in a plan view as 
in FIG. 1 , less in size or area than the baseplate 1 and 
the magnetic layer 2. The semiconductor means 3 are 
disposed centrally on the baseplate 1. 
[0014] As depicted on an enlarged scale in FIGS. 3 
and 4, and on a still more enlarged scale in FIG. 5, the 
semiconductor means 3 have a semiconductor sub- 
strate 13 in and on which is formed a Hall-effect device 
14 as a primary working component of the converter. 
Otherworking components ofthesemiconductormeans 
3 include an output amplifier 15 and a control current 
supply circuit 16, both indicated in phantom outline in 
FIG. 3. A pair of output terminals 1 7 and 1 8 are connect- 
ed to the output amplifier 1 5, and a pair of current supply 
terminals 19 and 20 to the control current supply circuit 
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[0015] It is understood that the Hall-effect device 14, 
amplifier 1 5, and control current supply circuit 1 6 are all 
formed in one and the same substrate 13 of chemical 
compound semiconductor material (e.g. gallium arse- 
nide), conjointly constituting the semiconductor means 
3. Such semiconductor means 3 are of generally known 
construction and capable of fabrication by any known or 
suitable method. In FIGS. 4 and 5, therefore, only the 
Hall-effect device 14 is shown in detail by reason of its 
pertinence to the instant invention. 
[0016] Referring more specifically to FIGS. 4 and 5, 
the semiconductor substrate 13 has formed therein five 
n-type semiconductor regions 21 to 25 and three p-type 
semiconductor regions 26 to 28. The first four n-type 
semiconductor regions 2 1 to 24 a re all formed as islands 
in the fifth n-type semiconductor region 25 which is itself 
an island in the p-type semiconductor region 28 occu- 
pying most of the substrate 13. 
[001 7] As seen in a plan view as in FIG. 4, the fifth re- 
type semiconductor region 25 is shaped like a cross, 
with a limb extending along the y-axis being longer than 
the other limb extending along the x-axis. Both of n+- 
type, that is, higher in impurity concentration than the 
fifth n-type semiconductor region 25, the first two n-type 
semiconductor regions 21 and 22 are formed adjacent 
the opposite ends of the y-axis limb of the cruciate fifth 
n-type semiconductor region. 

[001 8] FIG. 3 indicates that a pair of electrodes 29 and 
30 are in ohmic contact with the opposed pair of nMype 
semiconductor regions 21 and 22, respectively. The pair 
of electrodes 29 and 30 are electrically connected to the 



control current supply circuit 16 and to the pair of current 
supply terminals 19 and 20. Therefore, as indicated by 
the arrow in FIG. 4, control current l c is to conventionally 
flow through the fifth n-type semiconductor region 25 
5 from first n+-type semiconductor region 21 to second n+- 
type semiconductor region 22. 
[0019] The third and fourth n-type semiconductor re- 
gions 23 and 24 are also higher in impurity concentration 
than the fifth n-type semiconductor region 25. These n+- 
'o type regions 23 and 24 are formed adjacent the opposite 
ends of the *-axis limb of the cruciate fifth n-type semi- 
conductor region 25. As will be better understood from 
FIG. 5, the second opposed pair of n+-type semiconduc- 
tor regions 23 and 24 are partly contiguous to the fifth 
'5 n-type semiconductor region 25 and partly to the p-type 
semiconductor regions 26 and 27, respectively, which 
are formed like islands in the semiconductor region 25. 
The p-type semiconductor regions 26 and 27 are de- 
signed to limit the areas of contact of the second pair of 
20 n+-type semiconductor regions 23 and 24 with the fifth 
n-type semiconductor region 25. 
[0020] With reference back to FIG. 3 again, and as 
revealed in FIG. 5 too, another pair of electrodes 31 and 
32 are provided in ohmic contact with the third and fourth 
25 n-type semiconductor regions 23 and 24, respectively. 
This second pair of electrodes 31 and 32 are both elec- 
trically connected to the output amplifier 15 and thence 
to the pair of output terminals 1 7 and 1 8. 
[0021] With the flow of the control current l c between 
30 the first pair of n + -type semiconductor regions 21 and 
22, and upon application of a magnetic field at right an- 
gles with the control current l c , a Hall voltage will develop 
between the second pair of n+-type semiconductor re- 
gions 23 and 24 in accordance with the familiar Hall ef- 
35 feet. The main working region of the Hall-effect device 
14 for the development of the Hall voltage is therefore 
defined as that part of the fifth n-type semiconductor re- 
gion 25 which lies between the first pair of n+-type sem- 
iconductor regions 21 and 22 and between the second 
■*o pair of n+-type semiconductor regions 23 and 24. 
Speaking more broadly, however, the fifth n-type semi- 
conductor region 25 as a whole may be considered the 
main working region. 

[0022] As illustrated in FIG. 5, the semiconductorsub- 
45 strate 13 has an insulating film 33, as of silicon oxide, 
formed on its opposite surfaces in which is formed the 
Hall-effect device 14, and a metallic layer 34, as of alu- 
minum, formed on the other surface. Preferably, and as 
shown, the insulating film 33 should be a lamination of 
50 two layers 33a and 336 in order to provide for multilayer 
wiring. The first pair of electrodes 29 and 30 may be con- 
nected to the first pair of n+-type semiconductor regions 
21 and 22 via windows, not shown, in both insulating 
layers 33a and 33b, and the second pair of electrodes 
55 31 and 32 to the second pair of n + -type semiconductor 
regions 23 and 24 via windows, also not shown, in the 
insulating layer 33a. 

[0023] The metallic layer 34 on the other surface of 
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the semiconductor substrate 13 is bonded to the mag- 
netic layer 2 on the metal-made baseplate 1 via a layer 
35 of either electrically conducting or insulating bonding 
material. The magnetic layer 2 comprises a magnetic 
material having a high magnetic permeability and a elec- 
trical conductivity. The magnetic permeability of the 
magnetic layer 2 is greater than the metal-made base- 
plate 1 . The electrical conductivity of the magnetic layer 
2 is less than the metal-made baseplate 1. Permalloy 
(tradename for any of several highly magnetically per- 
meable iron-base alloys containing about 45-80% nick- 
el) is a particularly recommended as a magnetic mate- 
rial for the magnetic layer 2. Preferably, the magnetic 
layer 2 of Permalloy or like material should have a spe- 
cific permeability of about 5500 and a thickness of about 
100 microns. The magnetic layer 2 is shown bonded to 
the baseplate 1 via a layer 36 of epoxy resin or like ad- 
hesive. (The adhesive layers 35 and 36 are both not 
shown in FIG. 2 for simplicity.) 

[0024] As seen in a plan view as in FIGS. 1 , 3 and 4, 2 
the magnetic layer 2 should be larger in size or area than 
the Hall-effect device 14. This objective is met in this 
particular embodiment as the magnetic layer 2 com- 
pletely covers one of the major surfaces of the baseplate 
1 . The bonding of the magnetic layer 2 to the baseplate 2t 
1 is not a requirement. It may be otherwise formed in 
one piece with the baseplate, as by vapor deposition, 
compression, or fusion of a magnetic material. 
[0025] With reference directed back to FIG. 1 the 
baseplate 1 and the four leads 5-8 can altogether take 30 
the form of a punching of sheet metal such as nickel- 
plated sheet copper. The baseplate 1 is electrically con- 
nected to the first terminal 17, FIG. 3, of the semicon- 
ductor means 3 by way of the wire 9. The lead 5 con- 
nected to the baseplate 1 is usually grounded. The other 35 
three terminals 1 8-20 of the semiconductor means 3 are 
connected to the leads 6-8 by way of the wires 10-12, 
respectively. 

[0026] In use of the magnetoelectric converter of the 
foregoing construction for detection of current flowing 40 
through a U-shaped conductor indicated by the phan- 
tom outline and designated 37 in both FIGS. 1 and 2, 
the converter may be positioned contiguous to the con- 
ductor 37 as depicted in these figures. A magnetic field 
H will be created according to the Ampere rule in the 45 
direction of the arrows in both FIGS. 2 and 5 with current 
flow through the conductor 37. The magnetic field will 
act on the Hall-effect device 1 4 in three different direc- 
tions. Since the direction of this magnetic field is at right 
angles with that of the flow of the control current l c so 
through the fifth n-type semiconductor region 25, the 
Hall voltage will develop between the third and fourth n- 
type semiconductor regions 23 and 24, that is, between 
the third and fourth electrodes 31 and 32. The Hall volt- 
age will be proportional to the strength of the magnetic 55 
field H, which in turn will be proportional to the magni- 
tude of the current to be detected, so that this current 
will be detectable in terms of the Hall voltage. 



[0027] In order to evaluate the effectiveness of the 
magnetic layer 4 constituting the gist of the instant in- 
vention in comparison with the prior art, there were fab- 
ricated a magnetoelectric converter of the same con- 
struction as that of the above described embodiment of 
the invention except forthe absence of the magnetic lay- 
er 4. The sensitivities of this prior art converter and the 
improved converter of the FIGS. 1-5 construction were 
tested by causingcurrent flow through theconductor37. 
The tests proved that the converter according to the in- 
vention is 1.23 times as high in sensitivity as the prior 
art device. 

[0028] The advantages gained by the foregoing em- 
bodiment of the invention may be recapitulated as fol- 



1 . Disposed contiguous to the semiconductor sub- 
strate 1 3, the magnetic layer 2 serves to reduce the 
magnetic resistance of the flux path through the 
3 Hall-effect device 14, as well as to limit any unnec- 
essary spreading of the flux, thereby contributing to- 
ward the higher sensitivity of the Hall-effect device. 
2. The metal-made baseplate 1 and magnetic layer 
2 coact to enhance the noise immunity of the Hall- 
effect device 14. Upon intrusion of relatively high- 
frequency electromagnetic wave or magnetic noise 
through the baseplate toward the Hall-effect device, 
eddy current will flow through the baseplate with the 
consequent absorption of the electromagnetic 
noise. If the noise is of such low frequency that no 
eddy current will flow through the baseplate, on the 
other hand, the magnetic layer 2 will provide a by- 
pass and so prevents the noise from reaching the 
Hall-effect device. 

3. The baseplate 1 serves the additional purpose of 
protecting the Hall-effect device from electric field 
noise. 

4. The metal-made baseplate 1 and magnetic layer 
2 improve the sensitivity and the noise without add- 
ing significantly to their manufacturing costs. 

[0029] Despite the foregoing detailed disclosure the 
FIGS. 1-5 embodiment admits of some modifications. 
For example, as illustrated in FIG. 6, not only the mag- 
netic layer 2 may be bonded at 36 to one surface of the 
baseplate 1 , but another such layer 2a may be bonded 
at 36a to the other surface of the baseplate as well. Oth- 
er possible modifications of the representative embodi- 
ment include: 

1. The single magnetic layer 2 of FIG. 2 could be 
formed on the underside, as seen in this figure, of 
the baseplate 1 , and the semiconductor means 3 
could be formed on the baseplate without interpo- 
sition of a magnetic layer. 

2. The magnetic Iayer2 could be of such highly per- 
meable material as ferrite. 

3. The baseplate 1 could be of such highly conduc- 
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live metal as aluminum. 

4. The amplifier 1 5 and control current supply circuit 
16 could not be integrally incorporated in the sem- 
iconductor means 3. 

5. The current path conductor 37 could be incorpo- 5 
rated in the magnetoelectric converter. 

[0030] All these and other modifications, alterations 
and adaptations of the illustrated embodiments are in- 
tended in the foregoing disclosure. It is therefore appro- 10 
priate that the present invention be construed broadly 
and in a manner consistent with the fair meaning or 
proper scope of the subjoined claims. 



Claims 

1 . A magnetoelectric converter utilizing the Hall-effect 
for detecting a magnetic field or electric current, 
comprising a metal-made baseplate (1), semicon- 20 
ductormeans (3) formed on the baseplate, the sem- 
iconductor means including a Hall-effect device 
(14) for generating a voltage proportional to the 
strength of an applied magnetic field, and an encap- 
sulation (4) of electrically insulating material envel- 25 
oping the baseplate and the magnetic layer and the 
semiconductor means, characterized in that a 
magnetic layer (2) is formed on the baseplate (1), 
the magnetic layer being higher in magnetic perme- 
ability than the baseplate. 

2. A magnetoelectric converter as claimed in claim 1 , 
wherein the magnetic layer (2) is of Permalloy. 

3. A magnetoelectric converter as claimed in claim 2, 
wherein the baseplate (1 ) is of copper. 

4. A magnetoelectric converter as claimed in claim 3, 
wherein the baseplate (1) has a nickel plating. 

5. A magnetoelectric converter as claimed in claim 1 , 
wherein the magnetic layer (2) is formed on one of 
a pair of opposite major surfaces of the baseplate 
(1), and wherein the semiconductor means is 
mounted to the baseplate (1 ) via the magnetic layer 



6. A magnetoelectric converter as claimed in claim 1 , 
wherein the magnetic layer (2) is formed on one of 
a pair of opposite major surfaces of the baseplate 
(1 ), characterized in that anothersimilar magnetic 
layer (2a) is formed on the other major surface of 
thebaseplate(l). 

55 
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FIG.l 
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FIG.3 
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